Alveolar hemorrhage is the rarest pulmonary complication of catastrophic antiphospholipid syndrome and is associated with high mortality risk. is life-threatening complication results from autoimmune damage to the alveolar blood vessels. Given the limited literature addressing the association of these two pathologies, we report a series of three cases with this complication and then compare our findings with 6 cases reported in the literature.
Introduction
Antiphospholipid syndrome (APS) is a disorder that leads to a state of hypercoagulability characterized by antibodies against phospholipids resulting in thrombosis of veins or arteries. ese antibodies were first described in 1906 in serological patients positive for syphilis [1] .
Catastrophic antiphospholipid syndrome (CAPS) is a rare complication of APS occurring in approximately 1% of patients with a higher prevalence in women. APS is characterized by microvascular thrombosis producing multiorganic failure, the kidney being the most commonly affected organ, followed by the lungs and the central nervous system (CNS). In patients with pulmonary involvement, only 6-10% have alveolar hemorrhage which is commonly associated with microangiopathic hemolytic anemia and thrombocytopenia [2] .
Certain clinical conditions may predispose to the development of CAPS including infections, malignancies, surgeries, and subtherapeutic anticoagulation. Several sets of diagnostic criteria have been proposed to stratify this rare pathology with high mortality risk. In our patients, we used the diagnostic criteria described by Asherson et al. and reviewed by Cervera et al. due to its high positive and negative predictive value. Cervera et al. acknowledge the difficulty to use biopsy to confirm occlusive microthrombi in patients in critical condition and suggest clinical and laboratory criteria to be used instead as described in Table 1 . To assess and confirm thrombotic microangiopathy (TMA) in organs, we used the diagnostic workup used by Cervera et al. (Table 2) [2, 3] . e thrombotic events of this disease can occur in any blood vessel producing a wide variety of manifestations. e most common types of manifestation are associated with peripheral thrombosis (deep venous thrombosis in 38.9% of cases) and neurology (migraine 20.2% of the cases) [4] .
CAPS has also been associated with pulmonary manifestations; the most common ones are acute respiratory distress syndrome, chronic thrombotic pulmonary disease, and secondary pulmonary hypertension. ese manifestations are due to the disruption of the vessels surface. Alveolar hemorrhage is the rarest complication of CAPS, and it is caused by the disruption in the alveolar capillaries, leading to bleeding in the alveolar space [5, 6] . Alveolar hemorrhage's mortality rate increases from 35% in the absence of CAPS to approximately 50% in association with CAPS even in patients under treatement [7] . e clinical presentation of alveolar hemorrhage can vary from asymptomatic patients to severe respiratory failures [8] .
e most frequent symptoms are dyspnea (64%), hypoxemia (55%), and cough (41%). e nonspecific nature of these symptoms urges to consider three important components in the diagnosis as the Table 1 : Preliminary criteria for the classification of catastrophic antiphospholipid syndrome (CAPS) [3] .
(1) Evidence of involvement of three or more organs, systems, and/or tissues a (2) Development of manifestations simultaneously or in less than one week (3) Confirmation by histopathology of small vessel occlusion in at least one organ or tissue b (4) Laboratory confirmation of the presence of anti-phospholipid antibodies (lupus anti-coagulant and/or anti-cardiolipin antibodies) c Definite CAPS:
(i) All four criteria Probable CAPS (i) All four criteria, except for only two organs, systems, and/or tissues involved (ii) All four criteria, except for the absence of laboratory confirmation owing to the early death of a patient never tested for antiphospholipid antibodies before the CAPS (iii) Criteria (1), (2) , and (4) (iv) Criteria (1), (3), and (4) and the development of a third event between one week and one month after presentation, despite anticoagulation Note: given that many times biopsy and histological confirmation of small vessel occlusion cannot be obtained due to the critical condition of the patients, a proposal has been made to substitute the "histopathology criteria" by the exclusion of other diagnoses. a Usually clinical evidence of vessel occlusions, confirmed by imaging techniques when appropriate; renal involvement is defined by a 50% rise in serum creatinine, severe systemic hypertension (>180/ 100 mm Hg), and/or proteinuria (>500 mg/24 h). b For histopathological confirmation, significant evidence of thrombosis must be present, although vasculitis may coexist occasionally. c If the patient had not previously been diagnosed as having an APS, the laboratory confirmation requires that the presence of antiphospholipid antibodies must be detected on two or more occasions at least 12 weeks apart (not necessarily at the time of the event), according to the proposed preliminary criteria for the classification of definite APS. presence of blood in low respiratory tract including bloody secretion (57%), hemoptysis, or bloody secretions evidenced during tracheal aspirate or bronchoscopy, hemoglobin level below 1.5-2 g/dL with no evidence of bleeding in any other organ and no evidence of hemolysis, and diffuse infiltrate pattern in chest X-ray [8, 9] .
Case 1
A 37-year-old female patient with APS diagnosed 17 years ago is brought to the emergency department due to syncope. e past medical history was positive for multiple transfusions due to hemolytic anemia and decreased visual acuity in recent months accompanied by continuous headaches of moderate intensity.
Laboratory tests showed anticardiolipin antibodies (ACA) IgG of 120 GPL-U/ml (positive: >10 GPL-U/ml) and IgM of 6 MPL-U/ml (negative: <7 MPL-U/ml). Severe microcytic anemia (HB: 3.6 g/dl) and thrombocytopenia require transfusion of two globular concentrates and five units of platelets. Peripheral blood smear revealed schistocytes.
Immunological tests were requested due to the suggestive autoimmune anemia, which showed positive anti-nuclear antibody, anti-RO antibody of 17 IU/ml (15-25 IU/ml), C3 of 0.92 g/L (positive >0.90 g/L), C4 of 0.21 g/L (negative <0.10 g/ L), anti-thyroglobulin antibody 19.5 IU/ml (negative: <100 IU/ ml), and incompatibility for all blood groups. e patient was admitted to MICU and was placed on medium-dose corticosteroids, prophylactic anticoagulation with low-molecular weight heparins, and additional globular concentrates transfusions. Anemia was corrected with the treatment; however, the patient's condition deteriorated due to severe respiratory distress, tachypnea, hypoxia, and SO 2 76%. A chest X-ray and chest CT scan showed bilateral, diffuse alveolar infiltrate ( Figure 1 ).
Two major components of alveolar hemorrhage were evidenced in this patient: macrophages loaded with hemosiderin with macroscopic bleeding were found in bronchoscopy and severe thrombocytopenia. Despite the presence of alveolar hemorrhage, no hemoptysis was observed. Low-weight heparin was switched to unfractionated heparin, despite severe platelet disease.
Dialysis supplementation was started due to severe renal failure.
In less than seven days from the respiratory failure, the patient complained of persistent headaches. Further investigation revealed the occurrence of cerebral venous sinus thrombosis. e patient met the criteria for definite CAPS. For these reasons, the patient was placed on enoxaparin 60 mg every 12 hours SubQ, prednisone 60 mg every 12 hours PO, and mycophenolate 2 g daily. e patient improved and was discharged on mycophenolate and warfarin to a target INR of 3 with follow-up appointments in the outpatient clinic twelve weeks after discharge; anti-phospholipid antibody testing was repeated and confirmed the diagnosis of APS. Of note, a renal biopsy with immunofluorescence was also performed and ruled out lupus nephritis as a possible cause of renal failure.
Case 2
A 42-year-old female with a past medical history of rheumatoid arthritis diagnosed three months prior to admission, managed with methotrexate with poor adherence, was admitted due to psychomotor agitation without focal neurological deficits and fever (100.4°F) with neutrophilia.
Lumbar puncture showed a low glucose level in the cerebrospinal fluid (CSF) (glucose CSF 24.8 mg/dl, glucose serum: 78 mg/dl), 23 common germs in FilmArray (multiplex PCR system), as well as Gram and Chinese ink negative.
e patient lived in a tuberculosis endemic zone. Antibiotic therapy, antituberculosis drugs, and antifungal agents were initiated despite negative results. e patient showed a sudden improvement in consciousness three days after starting treatment. However, she presented a new episode of altered mental status two days later, and it was associated with transaminases elevation 100 times above the reference value. Liver enzymes remained elevated despite discontinuation of antituberculosis agents. Brain CT scan of the brain showed ischemic areas in the corpus callosum and bilateral parietal lobes.
One day later, our patient presented severe hemodynamic decompensation with metabolic acidosis, acute respiratory failure, and pancytopenia. e patient was transferred to the MICU to provide mechanical ventilation and vasopressors.
Simultaneously, a progressive drop in hemoglobin was identified, so a bronchial tract lavage (not alveolar) was performed obtaining bloody secretions. Chest X-ray showed diffuse bilateral infiltrates. Patient's critical condition disabled him to undergo chest CT scan. Autoimmune markers were requested due to the suspicion of immune alveolar hemorrhage showing anti-cardiolipin antibodies IgM 0.3 MPL-U/ml (negative: <7 MPL-U/ml), IgG 100 MPL-U/ ml (POSITIVE: >17 GPL-U/ml), Anti-DNA 29 IU/ml (positive: >20 IU/ml), and both positive anti-nuclear antibodies and lupus anticoagulant. Schistocytes were identified in peripheral blood smear. ere was no evidence of lupus nephritis. e patient met the criteria for definite CAPS associated with alveolar hemorrhage. Intravenous pulses of methylprednisolone 1 g daily IV and enoxaparin 60 mg daily SubQ to maintain isocoagulation state due to risk of hemorrhagic conversion of ischemic strokes were added to the already placed ventilatory support. e patient's critical condition prevented her from underwent bronchoscopy or pulmonary biopsy.
Despite the initial clinical improvement, the patient died in later days due to a new deterioration of respiratory function, renal failure, and encephalopathy.
Case 3
A 40 year-old male patient with a past medical history of hypertension, left nephrectomy 7 years ago due to renal artery thrombosis, ischemic cerebrovascular disease, and chronic kidney disease under clinical treatment, presented to the Emergency Department complaining of sudden hemoptysis, fatigue, and dyspnea of small efforts.
In the Emergency Department, physical examination showed altered mental status with neurological deficits, crackles in lung bases bilaterally, cyanosis, and 60% oxygen saturation without supplemental oxygen.
Additionally, metabolic acidosis (pH: 7.31, pCO 2 : 25.7 mmHg, pO 2 : 31 mmHg, HCO 3 : 12.7 mmol/L, EB: 36.4), severe normochromic normocytic anemia (hemoglobin: 7.72 gr/dl, hematocrit: 22.02%), and thrombocytopenia (5000 platelets) were observed with no evidence of bleeding. Schistocytes were identified in peripheral blood smear.
A chest X-ray and CT scan were performed, showing diffuse bilateral alveolar infiltrate with perihilar and basal predominance and no important involvement of apexes or periphery ( Figure 2 ) and bilateral alveolar infiltrates in a ground-glass pattern (Figure 3 ). Brain CT scan showed signs of ischemic areas in the brain parenchyma. e patient was diagnosed with diffuse alveolar hemorrhage, and further investigation of immunological markers was ordered to identify the etiology. Anti-cardiolipin antibodies IgM 0.9 MPL-U/ml (negative: <7 MPL-U/ml), IgG 155 GPL-U/ml (positive: >17 GPL-U/ ml), ANCA-C, and ANCA-P were negative, and anti-nuclear antibodies were positive. ere was no evidence of lupus nephritis. e patient was transferred to MICU due to hemodynamic instability and need for ventilatory support. It was not possible to perform lung biopsy or bronchoalveolar lavage due to the patient's critical condition. e patient met the criteria for probable CAPS. Enoxaparin 60 mg every 12 hours SubQ and pulses of methylprednisolone 1 g daily IV were administered. Plasmapheresis was performed with no signs of clinical improvement; therefore, the patient was switched to immunoglobulins IV showing remarkable improvement. After overcoming the critical period, the patient was kept on chronic low-molecular weight heparin anticoagulant treatment. e patient was discharged on prednisone 30 mg daily and warfarin to a target INR of 3. Twelve weeks after discharge, anti-phospholipid antibody testing was repeated and the diagnosis of APS was confirmed. 
Discussion
We present three diagnoses of diffuse alveolar hemorrhage in patients with CAPS with nonspecific clinical presentation. In all cases, the clinical presentation was sudden and unexpected and deteriorated rapidly within a one-week period. Out of the three patients, two fully recovered while one deceased. Given the limited literature addressing the association of alveolar hemorrhage and CAPS, we compared these 3 cases treated in our hospital with cases reported in the literature (Tables 3 and 4 ). e initial respiratory symptoms our patients were cough, respiratory distress, and oxygen saturation less than 85% without oxygen support and hemoptysis. ose findings are consistent with the cases reported in the literature [9] . One of our patients presented hemoptysis, a finding listed in a third of patients with alveolar hemorrhage [5, 10] .
Encephalopathy is a complication in 40.2% of CAPS cases. Even though our second patient was diagnosed with meningitis due to the presence of fever and altered mental status, it is possible that the patient's clinical presentation was a complication from CAPS itself rather than an infectious condition because of negative CSF FilmArray report. We were unable to find cases with similar initial presentations in the literature.
Both radiographic and tomographic findings were consistent with those found in the literature, diffuse areas of ground-glass opacities or consolidations in chest X-rays and infiltrated patches in the tomography. In three of the reported cases, the findings were bilateral.
Alveolar hemorrhage in APS can be explained due to anti-phospholipid antibodies binding to the alveolar surface [6] . Such antibodies can be found in both asymptomatic patients and patients with nonthrombotic manifestations. rombotic manifestations occur in half of the patients and hemolytic anemia in one-third of patients [9, 10] . e thrombotic effect can be explained by the inhibition of anticoagulant systems, preventing the degradation of factor V and VII altering the protein C system and the inhibition of fibrinolysis [11] . Most antibodies bind to phospholipid-binding proteins expressed on cell surfaces, endothelium, and platelets, which half-explain their pathogenesis [12] . e activation of the endothelial surface transforms the vessel wall into a procoagulant surface [9, 13] .
Lupus anticoagulant was positive in seven out of nine patients being the most common finding. Anti-cardiolipin antibodies were present in five out of nine patients. Anti-β2glycoprotein (Anti-β2GPI) antibodies were positive in only four of the patients [14] [15] [16] [17] . No changes were reported in prothrombin. e initial management of alveolar hemorrhage is ventilatory support and anticoagulation, followed by the treatment of CAPS. Anticoagulation is key in the treatment since it inhibits clot formation and promotes fibrinolysis and could also have an effect on preventing anti-phospholipid antibodies from binding to the endothelial surface [6] . Heparin use is recommended at doses that do not increase the risk of bleeding; however, there is insufficient evidence to support a dose that avoids this risk. After anticoagulation, the use of high-dose corticosteroids is necessary to act on mediators involved in CAPS. e use of cyclophosphamide is reserved for those patients with autoimmune diseases. Plasmapheresis could have a beneficial effect by removing free antibodies, as well as other mediators responsible for the pathophysiology of catastrophic APC [6, 10, 12] .
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